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Purpose: This study examined the effect of handgrip exercise on hemodynamic indices to
determine the most effective regimen for promoting blood circulation.
Methods: Healthy individuals were divided into three treatment groups with each per-
forming exercises using an electronic handgrip. Groups performed exercises to determine
the most appropriate tap position, frequency, and duration. The hemodynamic indices
were measured by Doppler ultrasound.
Results: The best handgrip position was the weak tap position. Venous blood flow velocity
and blood flow increased significantly with each exercise relative to the resting state
(p < 0.01). Venous blood flow velocity and blood flow peaked with handgrip exercise fre-
quency of 25 times/min for 2 min (p < 0.01). No significant differences were observed be-
tween sexes.
Conclusion: Handgrip exercise is an effective method for improving blood circulation in the
upper extremities.
Copyright © 2014, Chinese Nursing Association. Production and hosting by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Venous stasis, vein vascular injury, and coagulopathy are the
three major factors of venous thrombosis. For patients prone
to venous thrombosis, early regular activity is an important
factor; however, many patients are not able to complete a
regular exercise regimen [1]. For lower extremities, some
studies have reported that foot exercises can increase venous
blood flow velocity and blood flow, thereby transiently
reducing the tendency of venous stasis and potentiallyFang).
Nursing Association.
g Association. Production
://creativecommons.org/preventing deep venous thrombosis [2e4]. To prevent upper
limb vein thrombosis, one study has reported that handgrip
exercise enhanced upper arm muscle contraction after
loading and promoted upper limb blood and lymphatic cir-
cumfluence and circulation [5]. Although handgrip exercises
are readily available to patients, the most effective pattern of
handgrip exercise has not been investigated. In this study,
various handgrip exercises with electronic handgrips were
tested in 300 healthy volunteers to determine the most
effective exercise regimen for promoting blood circulation
within the upper extremities. Changes in venous blood flowand hosting by Elsevier (Singapore) Pte Ltd. This is an open access
licenses/by-nc-nd/3.0/).
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tions were analyzed.2. Design and methods
2.1. Subjects
Using the convenience sampling method, we selected 300
healthy volunteers, ranging in age from 45 to 65 years, andwho
had no history of thrombosis, upper limb trauma, surgery,
swelling, lymph edema, hypertension, mental illness, cardio-
vascular diseases, venous reflux, or outflow obstruction. Sub-
jects were divided into three treatment groups: A, B, and C
(n ¼ 100 for each group). The ratio of men to women in each
groupwas 1:1. The average age of themen andwomen in group
Awas 50.04± 11.82 years and 51.06± 7.07 years, respectively; in
group B was 49.91 ± 8.94 years and 50.58 ± 11.64 years,
respectively; and in group C 52.72 ± 9.43 years and 52.96 ± 8.74
years, respectively. The study was guided by the Declaration of
Helsinki and approved by the Research Ethics Committee of
Binzhou Medical University Hospital. Informed consent was
obtained from all individuals. No statistical differences in age
and sex baseline data were observed.2.2. Equipment and quality control
2.2.1. Equipment
A GE LOGIQe portable ultrasound diagnostic instrument
(LOGIQe GE, USA) and CAMRY electronic handgrip (EH101;
Guangdong, China) were used.
2.2.2. Quality control
Grip indices were measured by the same operator using the
ultrasonic diagnostic instrument. All measurements and ex-
ercises were carried out in a draft-free room with a constant
temperature of 25 C.2.3. Doppler ultrasonic recordings
The venous blood flow velocity and vessel diameter were
measured in each subject's right upper limb 10 cm above the
elbow joint by a single examiner. Pulse-wave Doppler re-
cordings in the basilica veins were measured using the LOG-
IQe ultrasound system and L10-5 broadband linear array
transducer with an extended operating frequency range of
5e10 MHz. The gain, contrast, and rejection settings were
optimized after an initial evaluation and then kept constant.
The sampling site was guided by color flow mapping that
positioned the sample volume at the center of the color signal
to create the smallest angle of insonation, ranging from 45 to
60, between the direction of blood flow and the Doppler
beam. Sample volume was preset and maintained at 2.0 mm.
The venous hemodynamic parameters evaluated were
venous blood flow velocity (cm/s), blood vessel diameter (cm),
cross-sectional area (cm2), and venous blood flow (mL/s).
Venous blood flowwas calculated from the venous blood flow
velocity multiplied by the cross-sectional area (p  diameter2/
4) of the basilic vein.2.4. Handgrip exercise regimens
Throughout the research process, a fixed researcher explained
the purpose, frequency and length of the handgrip exercise to
ensure the subjects' understanding and a smooth study
implementation.
2.4.1. First stage: group A
Each subject conducted a handgrip exercise to determine the
best handgrip strength, or tap position. Tap positions were
categorized as weak, intermediate, or strong. An electronic
handgripmeasured the grip strengthwith each subject testing
their maximum grip strength for a total of three times. Be-
tween attempts, the subjects rested for 15 minutes. If the tap
positions of the threemeasurements were not consistent for a
subject, then the following steps were performed. If the tap
position measurements varied by a ratio of two to one, then
the two consistent tap positions were chosen. If the three tap
positions were completely inconsistent, then the intermedi-
ate tap position was chosen. The venous blood flow velocity
and blood vessel diameter were measured by the same
examiner before and after the handgrip exercise.
2.4.2. Second stage: group B
The most suitable handgrip frequency was chosen from the
appropriate tap position. First, the subjects rested for 15 mi-
nutes. Using the tap position determined in the first stage, the
handgrip exercise was performed with varying frequencies of
either 15, 20, 25, or 30 times/min using an electronic handgrip.
After the handgrip exercise, the subjects rested another 15
minutes. During the implementation process, the guidance
personnel played a recorded sound pattern of “hold, loosen,
hold, loosen, …” for each frequency to ensure an accurate
handgrip exercise was performed. The venous blood flow ve-
locity and blood vessel diameter were measured by the same
examiner as in the first stage.
2.4.3. Third stage: group C
The ideal duration for the handgrip exercisewas chosen based
on the information from the most appropriate tap position
determined in the first stage and the most suitable frequency
determined in the second stage. The subjects first rested for 15
minutes and then performed the handgrip exercise for 1, 2, or
3 min under the appropriate tap position. The guidance
personnel played a recorded sound pattern as for Group B.
After performing the exercise for various lengths of time, the
subjects rested for 15 minutes. The venous blood velocity and
blood vessel diameter were measured by the same examiner
before and after the handgrip exercise.
2.5. Statistical analysis
Data are expressed as the mean ± standard error. Analysis of
variance of randomized block design using the Friedman M
test was used to test venous blood flow velocity, vessel
diameter, and blood flow, and the least significant differences
test was used for multiple comparisons. The Statistical Pack-
age for the Social Sciences (SPSS), version 13.0 (SPSS Inc.,
Chicago, IL, USA) was used for the statistical analysis with the
level of significance set at p < 0.05.
Table 1 e Changes in blood flow velocity by gender and









Resting state 10.68 ± 1.45 10.64 ± 1.21 10.66 ± 1.48
15 times/min 12.13 ± 1.44 12.19 ± 1.21 12.16 ± 1.32
20 times/min 13.02 ± 1.19a 12.99 ± 1.04a 13.01 ± 1.12a
25 times/min 13.77 ± 1.21 13.69 ± 2.52 13.76 ± 1.36
30 times/min 13.28 ± 1.20 13.05 ± 1.32 13.17 ± 1.26
F 125.57 112.84 234.65
P <0.001 <0.001 <0.001
Note: F statistical test values; P Pvalue.
a Represents no significant difference in the blood flow velocities
between the handgrip exercise frequencies of 20 times/min and 30
times/min p > 0.05, the remaining frequencies blood flow velocity
compared with each other was p < 0.01.
Table 3 e Changes in blood flow by gender and frequency









Resting state 2.28 ± 1.01 1.65 ± 0.70 2.03 ± 0.92
15 times/min 2.60 ± 0.96 2.01 ± 0.99 2.41 ± 0.96
20 times/min 2.96 ± 0.92a 2.35 ± 0.67a 2.65 ± 0.99a
25 times/min 3.41 ± 1.23b 2.69 ± 0.91 3.04 ± 1.08
30 times/min 3.13 ± 1.05 2.32 ± 0.92 2.72 ± 1.06
F 90.41 65.28 151.12
P <0.001 <0.001 <0.001
a Represents no significant difference in blood flow between the
handgrip exercise frequencies of 20 times/min and 30 times/min
(p > 0.05);
b Represents no significant difference in blood flow between the
handgrip exercise frequencies of 25 times/min and 30 times/min
(p > 0.05). The blood flow values were significantly different be-
tween frequencies each other (p < 0.01).
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3.1. Analysis of handgrip tap positions in healthy
subjects
To determine the best handgrip strength, each subject con-
ducted a handgrip exercise to determine the ideal tap position
for the remaining tests. Of the total subjects tested, four male
subjects (4%) and zero female subjects (0%) resulted in the
strong tap position and six male subjects (6%) and four female
subjects (4%) resulted in the intermediate position. Of the
remaining 86 subjects, 40 male subjects (80%) and 46 female
subjects (92%) resulted in the weak tap position. Given these
results, the weak tap position of the electronic handgrip was
chosen as the best handgrip strength.
3.2. Changes in venous blood flow velocity, blood vessel
diameter, and blood flow using different frequencies
Significant differences in venous blood flow velocity and
venous blood flow were observed between the resting and
handgrip exercise states using four different frequencies (15,
20, 25, and 30 times/min; p < 0.01). Additionally, significant
differences were observed in venous blood flow velocity andTable 2 e Changes in blood vessel diameter by gender









Resting state 0.50 ± 0.09 0.46 ± 0.09 0.48 ± 0.08
15 times/min 0.51 ± 0.09 0.47 ± 0.09 0.49 ± 0.09
20 times/min 0.53 ± 0.09 0.47 ± 0.09 0.50 ± 0.09
25 times/min 0.54 ± 0.09a 0.48 ± 0.08 0.51 ± 0.10a
30 times/min 0.53 ± 0.09 0.47 ± 0.09 0.50 ± 0.09
F 11.84 8.49 17.44
P 0.002 0.075 0.019
a Represents a significant difference in blood vessel diameter be-
tween the handgrip exercise frequency of 25 times/min and the
resting state (p < 0.05). The remaining blood vessel diameters were
not significantly different at the various frequencies (p > 0.05).venous blood flow between the various exercises themselves
(p < 0.01). With an increase in exercise frequency, blood vessel
diameter changes were not obvious. Both genders exhibited a
similar increase in venous blood flow velocity and blood flow
with increasing exercise frequency. Specifically, blood flow
velocity and blood flow peaked with an exercise frequency of
25 times/min, (p < 0.01), and then decreased with a frequency
of 30 times/min (p < 0.01, Tables 1e3).3.3. Changes in venous blood flow velocity, blood vessel
diameter, and blood flow with different exercise durations
There were significant differences in venous blood flow ve-
locity and venous blood flow among the different exercise
times tested (p < 0.01). With an increase in handgrip exercise
duration, venous blood flow velocity and blood flow continu-
ally increased with a peak at 2 min (p < 0.01). However, blood
flow velocity and blood flow decreased with a 3-min exercise
compared to a 2-min exercise (p < 0.01) but still remained
elevated relative to the other time periods tested. Significant
differences in blood vessel diameters were observed only with
a handgrip exercise duration of 2 min relative to the resting
state (Tables 4e6).Table 4 e Changes in blood flow velocity by gender and









Resting state 10.69 ± 1.42 10.60 ± 1.07 10.64 ± 1.32
1 min 13.18 ± 1.44a 13.09 ± 1.19a 13.13 ± 1.35a
2 min 13.74 ± 1.19 13.64 ± 1.21 13.72 ± 1.28
3 min 13.09 ± 1.16 13.22 ± 1.39 13.20 ± 1.33
F 67.38 59.55 126.83
P <0.001 <0.001 <0.001
a Represents no significant difference in blood flow velocities be-
tween the handgrip exercise durations of 1min and 3min (p > 0.05).
The remaining blood flow velocity values were significantly
different between durations each other (p < 0.01).
Table 5 e Changes in blood vessel diameter by gender









Resting state 0.51 ± 0.13 0.47 ± 0.08 0.50 ± 0.11
1 min 0.54 ± 0.12 0.48 ± 0.08 0.52 ± 0.10
2 min 0.56 ± 0.10a 0.50 ± 0.07 0.54 ± 0.09a
3 min 0.55 ± 0.11 0.49 ± 0.08 0.52 ± 0.10
F 7.98 6.52 13.39
P 0.046 0.089 0.024
a Represents a significant difference in blood vessel diameter be-
tween the 2-min handgrip exercise and the resting state (p < 0.05).
The remaining blood vessel diameters were not significantly
different between durations each other (p > 0.05).
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Peripherally inserted central catheter (PICC)erelated venous
thrombosis, especially asymptomatic thrombosis, is more
common than other complications in patients with PICC lines
[6]. Studies have shown that the incidence of asymptomatic
PICC-related upper limb vein thrombosis is as high as
23.3e38.5% [7,8]. PICC-related thrombosis accounts for 40% of
cases of pulmonary embolism and carries a mortality rate as
high as 25% [9]. The thrombolytic effect of limb vein throm-
bosis is detrimental and will influence patient prognosis,
quality of life, and economy. As such, the prevention of upper
limb venous thrombosis has strong clinical implications.
4.1. Handgrip exercise effectively increases upper limb
venous blood flow velocity and blood flow
There are several methods for preventing venous thrombo-
embolism, such as the use of an air pressure pump or stretch
hose, drug prevention, and exercise therapy [10]. In China,
handgrip exercise is themethod of choice for preventing limb
venous thrombosis. Methodologies, such as active and pas-
sive movements, can change the frequency of venous stasis,
and moderate activity, including hand and wrist activities
such as the handgrip exercise, can promote blood circulation
in the upper extremities [11]. This study has shown that
venous blood flow velocity and blood flow were improvedTable 6 e Changes in blood flow by gender and duration









Resting state 2.24 ± 1.14 1.78 ± 0.76 2.02 ± 0.99
1 min 3.20 ± 1.31a 2.35 ± 0.91a 2.88 ± 1.17a
2 min 3.49 ± 1.22 2.83 ± 0.89 3.36 ± 1.12
3 min 3.24 ± 1.36 2.59 ± 0.87 2.79 ± 1.22
F 52.08 46.80 98.66
P <0.001 <0.001 <0.001
a Represents no significant difference in blood flow between the
handgrip exercise durations of 1 min and 3 min (p > 0.05). The
remaining blood flow values were significantly different between
durations each other (p < 0.01).significantly compared to the resting state using various
handgrip exercise frequencies and durations in both men
and women. These results are consistent with a previous
study that suggested that clinical handgrip exercises at a
moderate frequency and duration can improve upper limb
blood circulation in patients [12].
4.2. Different handgrip exercise patterns influence upper
limb venous blood flow dynamics
4.2.1. The weak tap position is advisable for electronic grip
exercises
In this study, the electronic grips were divided into three tap
positions, namely strong, intermediate, and weak. The results
indicate that both men (80%) and women (92%) utilized the
weak tap position the most. Although a minority of subjects
reached the intermediate or strong tap positions, subjects
found those positions to be difficult to use and not conducive
to sustained and effective exercise.
4.2.2. The most effective handgrip exercise regimen for
promoting blood circulation is the weak tap position, 25 times/
min for 2 minutes
Using the weak tap position and each of the four tested fre-
quencies, the venous blood flow velocity and blood flow
increased significantly compared to the resting state, indi-
cating that handgrip exercise can effectively promote upper
limb blood circulation. In a study of 10 subjects with PICC,
handgrip exercises performed with various frequencies also
demonstrated a blood flow velocity peak and blood vessel
diameter increasewith a frequency of 30 times/min [13]. Other
reports have also shown an increase in blood circulation with
exercises consisting of the squeeze and release of a rubber
stress ball three times a day with 30 repetitions at a time
[5,12e14]. However, a stress ball cannot measure strength,
affecting the efficacy of the handgrip exercise. Using an elec-
tronic handgrip to quantify the strength of handgrip exercises,
as in this study, provides amore accurate analysis of themost
effective treatment and compensates for the disadvantages of
the stress ball. Patients using handgrips can enhance the load
when the upper arm muscle contraction is reached, therefore
promoting blood circulation and lymphatic circumfluence [5].
In this study, venous blood flow velocity and blood flow did
not continually increase with increasing exercise frequency
and duration. Rather, venous blood flow velocity decreased
with a frequency above 25 times/min. Possible explanations for
this observation may be that short exercise frequency over a
long time periodmakes the subjects too tired to reach a certain
level of muscle contraction. As a result, the duration of
squeezing from muscle contractions of blood vessels is too
short, preventing blood in the veins from emptying completely
and causing venous blood velocity to plateau or even decrease.
4.3. Electronic grips strengthen the effect of handgrip
exercises
Some studies have reported that fibrinolytic activity is
improved after exercise by reducing fibrinolytic enzyme acti-
vator inhibitor-1 levels, and thereby increasing the original
tissue fibrinolytic enzyme activator, the fibrinolytic protein
i n t e r n a t i o n a l j o u r n a l o f nu r s i n g s c i e n c e s 1 ( 2 0 1 4 ) 3 8 9e3 9 3 393dissolution, blood flow velocity, and blood circulation [15].
This study was in agreement with the latter of those findings
and found that subjects using the electronic handgrip with a
weak tap position at a frequency of 25 times/min for 2min had
the greatest effect on hemodynamic changes. Using the
electronic handgrip guides patients through the handgrip
exercise, effectively promoting blood circulation and
decreasing the occurrence of upper limb vein thrombosis.
Further studies with longer observation periods are required
to confirm the effect of the weak tap position using an elec-
tronic handgrip, as well as the best handgrip exercise fre-
quency and duration.5. Summary
In conclusion, handgrip exercises using an electronic hand-
grip increased venous blood flow velocity and venous blood
flow, indicating that these exercises might be useful for pre-
venting stasis-induced venous thrombosis. The best exercise
regimen consisted of a weak tap position with a frequency of
25 times/min and a duration of 2minutes. This study suggests
that these exercise may improve thrombosis in clinical con-
ditions such as long-term PICC, fractures in the upper limb,
breast cancer, and postoperative stroke rehabilitation. This
type of exercise may encourage patients to obtain timely and
effective treatment and provide theoretical support for patient
recovery.Conflicts of interest
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